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the first set of PUCCH resources and from the second UEs
using the first and second sets of PUCCH resources.
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FIG 10

Determine a first set of physical uplink control channel
resources to use for a first set of UEs {e.q., legacy UEs) to
send acknowledgement information (e.g., HARQACK | ~1p10
information) to the eNB for a first group of downlink
subframes, wherein the first set of physical uplink control
channel resources starts at a first index

!

Determine second set of physical uplink control channel
resources o use for a second ser of UES (e.g., eIMTA UEs)
to send acknowledgement information (e.g., HARQ ACK
information) to the eNB for a second group of downlink
subframes, wherein the UEs in the first and second sets of
UEs are different, the second set of physical uplink control
channel resources starts at a second index that is after the
first index that starts the first set of physical uplink control
channel resources, the UEs in the first set of UEs only use  |_~1020
the first set of physical uplink control channel resources to
send the acknowledgement information to the eNB for the first
group of downlink subframes, and the UEs in the second set
of UEs use the first set of physical uplink control channel
resources to send the acknowledgement information to the
eNB for the first group of downlink subframes and use the
second set of physical uplink control channel resources to
send acknowledgement information to the eNB for the
second group of downlink subframes

J:

For an UL reception, receive acknowledgement information
from the first UEs using the first set of physical uplink control
channel resources and receive acknowledgement information |-~1030

from the second UEs using the first and second sets of
physical uplink control channel resources
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FIG 11

Determine (e.g., receives from the eNB) configuration of
PUCCH resources belonging to two different sets of DL
subframes:

© One (e.g., a first one) of the sets includes afirst set  |L~1110
of {e.g., legacy) subframes (or Group A subframes)

o One (e.g., a second one) of the sets includes a
second set of (e.qg., elMTA, Group B) subframes

Y

Determine a starting point {e.g., index) of the second
set of subframes within PUCCH resources ~1120
(e.q., in addition to the first set of subframes)

!

For a given DL subframe, receive PDCCH which
schedules PDSCH data:

o Determine to which of the sets of subframes the 1130
DL subframe belongs -

o For that determined subframe, determine an index of
a lowest CCE of the scheduling PDCCH

!

Based on (at least) PUCCH resource configuration, the
CCE index, the subframe index, and which set of
subframes {e.g., Group A or B) the UE determines the | 1140
PUCCH resource for acknowledgement (e.g., HARQ-
ACK) transmission corresponding to the received
PDSCH data

#

Transmit acknowledgement information on the 1150
determined PUCCH resource(s)
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1
PUCCH RESOURCE ALLOCATION AND USE

CROSS-REFERENCE TO RELATED
APPLICATIONS

This application claims the benefit of U.S. application No.
61/883,469, filed on Sep. 27, 2013, by inventors Hsa T.
Tiirola and Timo E. Lunttila, and entitled “HARQ-ACK
Resource Allocation and Use for eIMTA”, and claims the
benefit of U.S. application No. 61/923,325, filed on Jan. 3,
2014, by inventors Chun H. Yao, Timo E. Lunttila, and Esa
T. Tiirola, the disclosures of which are hereby incorporated
by reference in their entirety. U.S. application No. 61/883,
469 is now U.S. patent Ser. No. 14/475,797, filed on Sep. 3,
2014, and the instant application claims the benefit of U.S.
patent Ser. No. 14/475,797, the disclosure of which is hereby
incorporated by reference in its entirety.

TECHNICAL FIELD

This invention relates generally to Hybrid Automatic
Repeat reQuest (HARQ) resource allocation and, more
specifically, relates to HARQ resource allocation for
Enhanced Interference Management and Traffic Adaptation
(eIMTA) on the Physical Uplink Control Channel
(PUCCH).

BACKGROUND

This section is intended to provide a background or
context to the invention disclosed below. The description
herein may include concepts that could be pursued, but are
not necessarily ones that have been previously conceived,
implemented or described. Therefore, unless otherwise
explicitly indicated herein, what is described in this section
is not prior art to the description in this application and is not
admitted to be prior art by inclusion in this section. Abbre-
viations that may be found in the specification and/or the
drawing figures are defined at the end of the specification but
prior to the claims.

There is a 3GPP Release 12 feature “Further enhancement
to LTE TDD for DL-UL Interference Management and
Traffic Adaptation (TDD_eIMTA)”. The goal of eIMTA WI
is to enable more flexible TDD UL-DL reconfiguration for
traffic adaptation in, e.g., small cells. The starting point
following the Rel-12 assumptions is that the eNodeB (e.g.,
for the small cell) may vary the UL-DL configuration
relatively often (for those UEs configured to flexible UL/DL
mode) compared to the existing situation where the UL-DL
configuration is in practice very stationary.

In this disclosure, focus is placed on PUCCH resource
allocation, e.g., for TDD eIMTA. It has been decided to
arrange HARQ/scheduling timing for eIMTA according to a
so-called reference configuration principle, where different
but existing TDD configurations define HARQ/scheduling
timing for uplink and downlink. The related decisions after
3GPP RAN1#75 meeting (11-15, Nov. 2013) are summa-
rized below:

For a UE configured with TDD eIMTA, uplink scheduling
timing and HARQ timing follow UL-DL configuration
signaled in SIB-1;

DL HARQ reference configuration can choose from Rel-8
TDD UL-DL configurations {2, 4, 5};

A subframe configured as DL subframe or DwPTS of
special subframe in SIB-1 (in case of PCell) and
RadioResourceConfigCommonSCell IE (in case of
SCell) should not be used for uplink transmission.

w

10

15

20

25

30

35

40

45

50

2

Under any valid UL and DL HARQ reference configura-
tions, the UE should not expect any subframe config-
ured as UL subframe or special subframe in DL HARQ
reference configuration is dynamically used as DL
subframe.

These decisions may lead to problems with conflicts for

HARQ information, as described in more detail below.

BRIEF SUMMARY

This section is meant to be exemplary and is not meant to
be limiting.

In an exemplary embodiment, a method, comprises: deter-
mining by a base station a first set of physical uplink control
channel resources to use for a first set of user equipment to
send acknowledgment information to the base station for a
first group of downlink subframes, wherein the first set of
physical uplink control channel resources starts at a first
index; determining by the base station a second set of
physical uplink control channel resources to use for a second
set of user equipment to send acknowledgment information
to the base station for a second group of downlink sub-
frames, wherein the user equipment in the first and second
sets of user equipment are different, the second set of
physical uplink control channel resources starts at a second
index, the user equipment in the first set of user equipment
only use the first set of physical uplink control channel
resources to send the acknowledgment information to the
base station for the first group of downlink subframes, and
the user equipment in the second set of user equipment use
the first set of physical uplink control channel resources to
send the acknowledgment information to the base station for
the first group of downlink subframes and use the second set
of physical uplink control channel resources to send
acknowledgment information to the base station for the
second group of downlink subframes; and for an uplink
reception by the base station, receiving acknowledgement
information from the first user equipment using the first set
of physical uplink control channel resources and receiving
acknowledgement information from the second user equip-
ment using the first and second sets of physical uplink
control channel resources.

An additional exemplary embodiment includes a com-
puter program, comprising code for performing the method
of the previous paragraph, when the computer program is
run on a processor. The computer program according to this
paragraph, wherein the computer program is a computer
program product comprising a computer-readable medium
bearing computer program code embodied therein for use
with a computer.

In another exemplary embodiment, an apparatus com-
prises: means for determining by a base station a first set of
physical uplink control channel resources to use for a first set
of user equipment to send acknowledgment information to
the base station for a first group of downlink subframes,
wherein the first set of physical uplink control channel
resources starts at a first index; means for determining by the
base station a second set of physical uplink control channel
resources to use for a second set of user equipment to send
acknowledgment information to the base station for a second
group of downlink subframes, wherein the user equipment
in the first and second sets of user equipment are different,
the second set of physical uplink control channel resources
starts at a second index, the user equipment in the first set of
user equipment only use the first set of physical uplink
control channel resources to send the acknowledgment
information to the base station for the first group of down-
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link subframes, and the user equipment in the second set of
user equipment use the first set of physical uplink control
channel resources to send the acknowledgment information
to the base station for the first group of downlink subframes
and use the second set of physical uplink control channel
resources to send acknowledgment information to the base
station for the second group of downlink subframes; and
means, for an uplink reception by the base station, for
receiving acknowledgement information from the first user
equipment using the first set of physical uplink control
channel resources and receiving acknowledgement informa-
tion from the second user equipment using the first and
second sets of physical uplink control channel resources.

Another exemplary apparatus includes one or more pro-
cessors and one or more memories including computer
program code. The one or more memories and the computer
program code are configured to, with the one or more
processors; cause the apparatus to perform at least the
following: determining by a base station a first set of
physical uplink control channel resources to use for a first set
of user equipment to send acknowledgment information to
the base station for a first group of downlink subframes,
wherein the first set of physical uplink control channel
resources starts at a first index; determining by the base
station a second set of physical uplink control channel
resources to use for a second set of user equipment to send
acknowledgment information to the base station for a second
group of downlink subframes, wherein the user equipment
in the first and second sets of user equipment are different,
the second set of physical uplink control channel resources
starts at a second index, the user equipment in the first set of
user equipment only use the first set of physical uplink
control channel resources to send the acknowledgment
information to the base station for the first group of down-
link subframes, and the user equipment in the second set of
user equipment use the first set of physical uplink control
channel resources to send the acknowledgment information
to the base station for the first group of downlink subframes
and use the second set of physical uplink control channel
resources to send acknowledgment information to the base
station for the second group of downlink subframes; and for
an uplink reception by the base station, receiving acknowl-
edgement information from the first user equipment using
the first set of physical uplink control channel resources and
receiving acknowledgement information from the second
user equipment using the first and second sets of physical
uplink control channel resources.

In a further exemplary embodiment, a method comprises:
determining configuration of physical uplink control chan-
nel resources corresponding to two different groups of
downlink subframes, wherein a first group includes a first set
of downlink subframes and a second group includes a
second set of downlink subframes; determining a starting
point of a first set of physical uplink control channel
resources to be used for transmitting acknowledgement
information for downlink subframes in the first set of
downlink subframes; determining a starting point of a sec-
ond set of physical uplink control channel resources to be
used for transmitting acknowledgement information for
downlink subframes in the second set of downlink sub-
frames; for a given downlink subframe, receiving informa-
tion on a physical downlink control channel, which sched-
ules physical downlink shared channel data, and performing
the following: determining to which group of the groups of
subframes the given downlink subframe belongs, and for the
given downlink subframe, determining an index of a lowest
control channel element of the scheduling physical downlink

25
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control channel; based on at least physical uplink control
channel resource configuration, the index of the lowest
control channel element, a current subframe index, the
determined group, and the determined starting points, deter-
mining one or more physical uplink control channel
resources for acknowledgement transmission corresponding
to the received physical downlink shared channel data; and
transmitting, using one or both of the starting points for the
first and second set of physical uplink control channel
resources, acknowledgement information on the determined
one or more physical uplink control channel resources.

An additional exemplary embodiment includes a com-
puter program, comprising code for performing the method
of the previous paragraph, when the computer program is
run on a processor. The computer program according to this
paragraph, wherein the computer program is a computer
program product comprising a computer-readable medium
bearing computer program code embodied therein for use
with a computer.

A further exemplary embodiment is an apparatus com-
prising: means for determining configuration of physical
uplink control channel resources corresponding to two dif-
ferent groups of downlink subframes, wherein a first group
includes a first set of downlink subframes and a second
group includes a second set of downlink subframes; means
for determining a starting point of a first set of physical
uplink control channel resources to be used for transmitting
acknowledgement information for downlink subframes in
the first set of downlink subframes; means for determining
a starting point of a second set of physical uplink control
channel resources to be used for transmitting acknowledge-
ment information for downlink subframes in the second set
of downlink subframes; means, for a given downlink sub-
frame, for receiving information on a physical downlink
control channel, which schedules physical downlink shared
channel data, and means for performing the following:
determining to which group of the groups of subframes the
given downlink subframe belongs, and for the given down-
link subframe, determining an index of a lowest control
channel element of the scheduling physical downlink control
channel; means, based on at least physical uplink control
channel resource configuration, the index of the lowest
control channel element, a current subframe index, the
determined group, and the determined starting points, for
determining one or more physical uplink control channel
resources for acknowledgement transmission corresponding
to the received physical downlink shared channel data; and
means for transmitting, using one or both of the starting
points for the first and second set of physical uplink control
channel resources, acknowledgement information on the
determined one or more physical uplink control channel
resources.

An exemplary apparatus includes one or more processors
and one or more memories including computer program
code. The one or more memories and the computer program
code are configured to, with the one or more processors,
cause the apparatus to perform at least the following:
determining configuration of physical uplink control chan-
nel resources corresponding to two different groups of
downlink subframes, wherein a first group includes a first set
of downlink subframes and a second group includes a
second set of downlink subframes; determining a starting
point of a first set of physical uplink control channel
resources to be used for transmitting acknowledgement
information for downlink subframes in the first set of
downlink subframes; determining a starting point of a sec-
ond set of physical uplink control channel resources to be
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used for transmitting acknowledgement information for
downlink subframes in the second set of downlink sub-
frames; for a given downlink subframe, receiving informa-
tion on a physical downlink control channel, which sched-
ules physical downlink shared channel data, and performing
the following: determining to which group of the groups of
subframes the given downlink subframe belongs, and for the
given downlink subframe, determining an index of a lowest
control channel element of the scheduling physical downlink
control channel; based on at least physical uplink control
channel resource configuration, the index of the lowest
control channel element, a current subframe index, the
determined group, and the determined starting points, deter-
mining one or more physical uplink control channel
resources for acknowledgement transmission corresponding
to the received physical downlink shared channel data; and
transmitting, using one or both of the starting points for the
first and second set of physical uplink control channel
resources, acknowledgement information on the determined
one or more physical uplink control channel resources.

BRIEF DESCRIPTION OF THE DRAWINGS

In the attached Drawing Figures:

FIG. 1 is a block diagram of an exemplary system in
which the exemplary embodiments may be practiced;

FIG. 2 illustrates a table (Table 1) for downlink associa-
tion set index K: {k,, k,, . . . k,, ,} for TDD and is a copy
of Table 10.1.3.1-1 from 3GPP TS 36.213 V11.3.0 (2013-
06);

FIG. 3 illustrates downlink HARQ-ACK timing in an
example;

FIG. 4A illustrates PUCCH HARQ-ACK resource colli-
sions between legacy users and eIMTA users, where SIB-1
signaled UL-DL configuration is #4, and where the DL
HARQ reference configuration is #5;

FIG. 4B illustrates mapping between PDCCH resources
and logical PUCCH resources;

FIG. 4C illustrates mapping of logical PUCCH RBs into
physical RBs;

FIG. 5A illustrates two examples of how to configure
resources for eIMTA PUCCH resources, where SIB-1 UL-
DL configuration #4 and DL HARQ reference configuration
#5 are assumed;

FIG. 5B illustrates an example of mapping between
PDCCH resources and logical PUCCH resources;

FIG. 6 is a table (Table 2) for eIMTA downlink associa-
tion set index K ;: {ko, ky, . . . ky,,_, } for PUCCH resource
allocation for Group A downlink subframes;

FIG. 7 is a table (Table 3) for eIMTA downlink associa-
tion set index K: {ko, ky, . . . Ky, 1}, for PUCCH resource
allocation for Group B downlink subframes;

FIG. 8 is a table (Table 4) for eIMTA downlink associa-
tion set for HARQ-ACK bit indexing K: {k,, k,, . . . k;, ,}
for TDD;

FIG. 9 is Table 4.2-2, entitled “Uplink-downlink configu-
rations”, from 3GPP TS 36.211 V12.0.0 (2013-12);

FIG. 10 is a logic flow diagram performed by an eNB for
PUCCH resource allocation and use, and illustrates the
operation of an exemplary method, a result of execution of
computer program instructions embodied on a computer
readable memory, and/or functions performed by logic
implemented in hardware, in accordance with an exemplary
embodiment; and

FIG. 11 is a logic flow diagram performed by an eIMTA
UE for PUCCH resource allocation and use, and illustrates
the operation of an exemplary method, a result of execution
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of computer program instructions embodied on a computer
readable memory, and/or functions performed by logic
implemented in hardware, in accordance with an exemplary
embodiment.

DETAILED DESCRIPTION OF THE DRAWINGS

The exemplary embodiments herein describe, e.g.,
PUCCH resource allocation and use, e.g., for TDD eIMTA.
Additional description of these techniques is presented after
a system into which the exemplary embodiments may be
used is described.

Turning to FIG. 1, this figure shows a block diagram of an
exemplary system in which the exemplary embodiments
may be practiced. In FIG. 1, a legacy UE 110-1 and an
eIMTA UE 110-2 are in wireless communication with a
network 100. Each of the user equipment 110 includes one
or more processors 120, one or more memories 125, and one
or more transceivers 130 (comprising one or more transmit-
ters, Tx, and one or more receivers, Rx) interconnected
through one or more buses 127. The one or more transceiv-
ers 130 are connected to one or more antennas 128. The one
or more memories 125 include computer program code 123.
The legacy UE 110-1 communicates with eNB 175 via
wireless link 111-1, and the eIMTA UE 110-2 similarly
communicates with eNB 175 via wireless link 111-2. The
eIMTA UE 110-2 includes a HARQ-ACK RA (Resource
Allocation) unit 121, which causes the eIMTA UE 110-2 to
perform the operations described herein. In an exemplary
embodiment, the one or more memories 125-2 and the
computer program code 123-2 are configured, with the one
or more processors 120-2, to cause the user equipment 110-2
to perform one or more of the operations as described herein.
The computer program code 123 can be code that forms the
HARQ-ACK RA unit 121. In another example, the HARQ-
ACK RA unit 121 is formed at least in part as circuitry, e.g.,
in the one or more processors 120-2. As described in more
detail below, the exemplary embodiments herein concern
possible resource collisions between the UEs 110-1 and
110-2 while using UL communications on the wireless links
111.

The eNB 175 includes one or more processors 150, one or
more memories 155, one or more network interfaces (N/W
1/F(s)) 161, one or more transceivers 160 (comprising one or
more transmitters, Tx, and one or more receivers, Rx), and
one or more network (N/W) interfaces (I/Fs) 161, intercon-
nected through one or more buses 157. The one or more
transceivers 160 are connected to one or more antennas 158.
The one or more memories 155 include computer program
code 153. The eNB 175 further includes a HARQ-ACK RA
unit 151 that causes the eNB 175 to perform operations as
described herein. In an exemplary embodiment, the one or
more memories 155 and the computer program code 153 are
configured to, with the one or more processors 150, cause
the eNB 175 to perform one or more of the operations as
described herein. In another example, the HARQ-ACK RA
unit 151 is formed at least in part as circuitry, e.g., in the one
or more processors 150. The one or more network interfaces
161 communicate over a network such as the networks 170
and 131. Two or more eNBs 175 communicate using, e.g.,
network 170. The network 170 may be wired or wireless or
both and may implement, e.g., an X2 interface.

The wireless network 100 may include a network control
element (NCE) 190 that may include MME/SGW function-
ality, and which provides connectivity with a further net-
work, such as a telephone network and/or a data communi-
cations network (e.g., the Internet). The eNB 175 is coupled
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via a network 131 to the NCE 175. The network 131 may be
implemented as, e.g., an S1 interface. The NCE 190 includes
one or more processors 177, one or more memories 171, and
one or more network interfaces (N/W I/F(s)) 180, intercon-
nected through one or more buses 185. The one or more
memories 171 include computer program code 173. The one
or more memories 171 and the computer program code 173
are configured to, with the one or more processors 175,
cause the NCE 190 to perform one or more operations.

The computer readable memories 125, 155, and 171 may
be of any type suitable to the local technical environment
and may be implemented using any suitable data storage
technology, such as semiconductor based memory devices,
flash memory, magnetic memory devices and systems, opti-
cal memory devices and systems, fixed memory and remov-
able memory. The processors 120, 150, and 177 may be of
any type suitable to the local technical environment, and
may include one or more of general purpose computers,
special purpose computers, microprocessors, digital signal
processors (DSPs) and processors based on a multi-core
processor architecture, integrated circuits (e.g., designed to
carry out one or more of the operations herein), and pro-
grammable modules such as field-programmable gate arrays
(e.g., designed to carry out one or more of the operations
herein), as non-limiting examples. Thus, the exemplary
embodiments herein may be performed by the one or more
memories 125 and the computer program code 123 being
configured, with the one or more processors 120, to cause
the UE to perform the operations herein, may be performed
by hardware (e.g., embodied in the one or more processors
120) such as integrated circuits and/or programmable mod-
ules, or by some combination of these.

In general, the various embodiments of the user equip-
ment 110 can include, but are not limited to, cellular
telephones such as smart phones, tablets, personal digital
assistants (PDAs) having wireless communication capabili-
ties, portable computers having wireless communication
capabilities, image capture devices such as digital cameras
having wireless communication capabilities, gaming
devices having wireless communication capabilities, music
storage and playback appliances having wireless communi-
cation capabilities, Internet appliances permitting wireless
Internet access and browsing, tablets with wireless commu-
nication capabilities, as well as portable units or terminals
that incorporate combinations of such functions.

As previously stated, exemplary embodiments herein
concern PUCCH resource allocation and use, e.g., for TDD
eIMTA. Additional description of problems with conven-
tional systems is first presented, and then exemplary
embodiments are presented.

A TD-LTE specification defines PUCCH HARQ timing
by means of a DL association set as illustrated by the table
(Table 1) shown in FIG. 2, which is a table for downlink
association set index K: {k,, k;, . . . k,, ;} for TDD and is
a copy of Table 10.1.3.1-1 from 3GPP TS 36.213 V11.3.0
(2013-06). In current specifications (without the eIMTA
feature), fixed downlink association sets for UL subframes
are defined for each UL-DL configuration. The HARQ
feedback for downlink subframes in the same bundling
window will be fed back in the predefined uplink subframe
according to Table 1 shown in FIG. 2.

In the current specifications (up to Release-11), the
PUCCH HARQ-ACK resources are implicitly determined
based on the lowest CCE of the corresponding PDCCH/
EPDCCH and semi-statically configured PUCCH Format
1/1a/1b starting position along with some other parameters.
Furthermore, in TDD mode there is a separate timing offset
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defined as a function of SIB-1 configuration and the sub-
frame index. From HARQ/timing point of view, the eIMTA
feature will create two parallel sets of UEs sharing the same
PUCCH Format 1/1a/1b resources:

Legacy UEs following HARQ/scheduling timing accord-
ing to SIB-1 configuration; and

eIMTA UE:s following HARQ/scheduling timing accord-
ing to a DL reference configuration.

This will create PUCCH resource collision and/or
PUCCH overhead problems (as depicted in more detail
below), which should be avoided by proper system design.

More specifically, based on current 3GPP agreements, if
the eIMTA feature is enabled, an eIMTA UE 110-2 will
assume that timing of DL HARQ-ACK (transmitted via UL)
will follow a DL reference configuration, i.e., configuration
2, 4, or 5, irrespective of SIB-1 UL/DL configuration or the
dynamically signaled configuration. Hence, in a given cell,
the legacy UEs and eIMTA UEs may have different DL
HARQ-ACK timing as illustrated in the example of FIG. 3:

eIMTA UEs operate according to UL/DL configuration #5
(DL HARQ reference configuration); and

Legacy UEs operate according to UL/DL configuration #4
(SIB-1 defined UL/DL configuration).

This will create a situation where PUCCH resources
corresponding to two UE types will overlap. The problem is
shown in FIG. 3.

The DL association set (see the table in FIG. 2) defines for
each UL subframe n the timing and the order in which the
HARQ-ACK feedback for each DL/Special subframe is
transmitted. The example shown in FIG. 3 is the following:

With UL/DL configuration #4 and UL subframe #2, the
PUCCH carries the HARQ-ACK(s) for DL data trans-
missions, i.e., PDSCH transport blocks, which were
received 12, 8, 7 or 11 subframes earlier (that is, earlier
than the current subframe #2), i.e., the HARQ delay in
this case is at least 7 subframes.

Similarly, for UL/DL configuration #5 and UL subframe
#2, the PUCCH carries the HARQ-ACK(s) for DL data
transmissions, which were received 13, 12, 9, 8,7, 5, 4,
11 or 6 subframes earlier (that is, earlier than the
current subframe #2).

Now, following current resource allocation rules, there
will be an overlapping HARQ-ACK resource space
defined for eIMTA UEs (subframe offset values 13, 12,
9,8,7,5,4, 11, 6) and legacy UEs (subframe offset
values 12, 8, 7, 11).

In Rel-8/9/10/11 TDD operation, PUCCH resources
HARQ-ACKs corresponding to multiple DL data transmis-
sions are concatenated and interleaved in the associated UL
subframe (e.g., with 40 CCEs per DL subframe and M=2, 80
PUCCH resources are reserved), so that there are no
resource collisions between different subframes. To be spe-
cific, the PDCCH resources corresponding to PDCCH
OFDM symbols [s1, 52, 53, . . . | and subframes [SF1, SF2,
SF3, . . . ] are mapped to PUCCH in the following order:

SF1-s1

SF2-s1

SF3-s1

SF1-s2

SF2-s2

SF3-s2

This principle is referred to as block interleaving. While
block interleaving is clearly beneficial from the legacy UE
110-1 point of view, block interleaving imposes certain
challenges with respect to eIMTA UEs 110-2. FIG. 4A
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further illustrates the implicit PUCCH resource allocation
problem assuming DL reference configuration #5. It can be
assumed that a resource overlapping problem related to the
1st (first) PDCCH OFDMA symbol 410-1 is already solved.
More particularly, FIG. 2 provides the HARQ-ACK bits
ordering according to SIB-1 configuration ([12, 8, 7, 11]). In
the example in FIG. 4A, SIB-1 configuration is number 4
and DL HARQ reference configuration is number 5. There
are PUCCH resources 510 for a legacy system and PUCCH
resources 511 for eIMTA. There are HARQ entries corre-
sponding to 9 DL subframes fed back in one UL subframe
at most, if the HARQ bits ordering simply follows configu-
ration #5, that is, [13, 12,9, 8,7, 5, 4, 11, 6] for eIMTA UEs.
Thus, PUCCH resources will collide even if derived in the
first PDCCH OFDM symbol, because HARQ-ACK ordering
is [12, 8, 7, 11] for the legacy UE 110-1. With a previous,
conventional technique it was proposed to re-order the
HARQ-bits as [12, 8, 7, 11, 13, 5, 4, 6, 9], and therefore the
PUCCH resource (derived from first PDCCH OFDM sym-
bol) collision can be avoided. The example in FIG. 4A is
based on the conventional techniques used until the instant
examples. However, if the existing block interleaving was
applied as such for eIMTA UEs, there would inevitably be
resource collision at least for PUCCH resources correspond-
ing to the 2nd (second) PDCCH OFDM symbol 410-2 and
3rd (third) PDCCH OFDM symbol 410-3. Therefore, there
is a need to consider more advanced resource allocation
methods avoiding resource collisions or excessive PUCCH
overhead.

FIG. 4B illustrates mapping between PDCCH resources
and logical PUCCH resources. As is known, PDCCH
includes control channel elements (CCE) indexed 0 . . . X
(where X can be up to ~80 when there are 3 PDCCH OFDM
symbols). A PDCCH is used to schedule, e.g., PDSCH data.
There are multiple subframes shown in downlink, but only
a single subframe shown in uplink. The PUCCH resources
for HARQ-ACK corresponding to PDSCH data depends on
the following:

1) The index of the lowest CCE of the PDCCH scheduling
the PDSCH;

2) The PDCCH OFDM symbol in which the scheduling
PDCCH was transmitted; and/or

3) The subframe in which the scheduling PDCCH was
transmitted (e.g., as in TDD HARQ-ACK for multiple DL,
subframes is sometimes transmitted during the same UL
subframe).

It is further noted that logical PUCCH RBs are mapped
into physical RBs. This is illustrated by FIG. 4C, which
shows the PUCCH at edges of the system bandwidth for UL.
The system bandwidth starts are resource block zero (RB0)
and ends at resource block N,;“*~1. This example uses an
Nz~ Y““=4. There are two slots, each slot being a resource
block having 12 subcarriers and a number of SC-FDMA
symbols in this example. The number of SC-FDMA symbols
could be 14 SC-FDMA symbols in a PRB for a case with
normal cyclic prefix length, or for a case with extended CP,
there are 12 SC-FDMA symbols per PRB. The OFDM
symbols 410-1, 410-2, and 410-3 can be used to derive the
PUCCH resource block implicitly.

Some companies had identified that mechanisms are
required to improve the HARQ-ACK resource allocation in
their contributions. Such possible options proposed by these
companies and their problems are as follows.

Option 1, explicit resource allocation: This is a straight
forward option, where the PUCCH HARQ-ACK resources
for legacy and eIMTA are explicitly signaled to the UE via,
e.g., RRC-configuration. A problem with this option is that
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is fairly static: it is not possible to adjust the PUCCH
resource dynamically and, in order to avoid collisions,
dedicated resources will in practice be needed for all UEs,
increasing the PUCCH overhead significantly.

Option 2, partially implicit and partially explicit resource
allocation: The resource for DL subframes which is non-
overlapping with SIB-1 DL subframe is separated from the
legacy resource. A problem for this option is bundle window
size is dependent on SIB-1 configuration, then a resource
will be allocated to the UL subframe in a current updated
configuration, causing PUCCH resource waste and perfor-
mance loss.

Option 3: U.S. application No. 61/883,469, filed on Sep.
27,2013, now U.S. patent Ser. No. 14/475,797, filed on Sep.
3, 2014, provided a method to solve the PUCCH resource
collision issue (e.g., a resource overlapping problem). With
this option, in exemplary embodiments, PUCCH resources
corresponding to different DL subframes are arranged
according to the DL subframe type. Legacy SIB-1 DL
subframes are allocated, e.g., to the first PUCCH resources,
followed by other SIB-1 DL subframes and flexible sub-
frames. Correspondingly, a DL association set will be
updated with different ordering from current specifications.
This option can be seen, e.g., as optimal for the case when
EPDCCH is used for DL scheduling. However, with
PDCCH, as the resource allocation also depends on the
index of the OFDMA symbol carrying the PDCCH, this
option becomes potentially sub-optimal as shown in FIG.
4A.

The exemplary embodiments herein may ameliorate or
solve these problems. An exemplary embodiment involves
dividing the downlink subframes into two groups for the
purpose of resource allocation. These groups are called
Group A and Group B.

1) The Group A includes in an exemplary embodiment
subframes defined as DL or special sub frames by DL
HARQ reference configuration, and that are associated with
the same UL subframe (e.g., subframe n in FIG. 2 for
instance) as the SIB-1 configured DL or special subframes
with the same subframe offset (e.g., same value of n-k in
FIG. 2 for instance); and

2) The Group B includes, e.g., other DL, special or
flexible subframes according to DL HARQ reference con-
figuration.

An exemplary embodiment is to define separate PUCCH
resources and downlink association set tables for legacy
(e.g., Group A), e.g., when eIMTA is not operated, and other,
non-legacy DL subframes (e.g., Group B), respectively,
when eIMTA is operated.

One further aspect is that the starting point for the
PUCCH resources for the HARQ-ACKSs of DL subframes
belonging to Group B is different from the starting point of
Group A subframes. This can be achieved in the following,
alternative ways:

1). The UE can determine the starting point for the eIMTA
DL subframe resources for the Group B subframes based on
the CFI (Carrier Format Indicator) signaled via PCFICH.
Knowing the CFI for each DL subframe in Group A, the
eIMTA UE 110-2 knows how many PUCCH HARQ-ACK
resources are reserved for Group A. The PUCCH resources
for Group B follow directly after Group A.

2) The starting point for the eIMTA DL subframe
resources for the Group B subframes can be signaled to the
UE by the eNodeB via higher layers (e.g., dedicated or
common RRC signaling). The signaling can be absolute
(i.e., an integer number indicating the starting resource for
Group B). Alternatively, the signaling may be relative to DL
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subframes in Group A and/or the starting point of the
PUCCH resources for Group A. One example of such
signaling is that the eNB configures for the UEs a value to
assume for CFI in determining the size of the PUCCH region
(e.g., number of resources) for Group A.

3) The starting point for the eIMTA DL Group B subframe
resources can be predetermined, and directly follow the
legacy DL subframe resources (i.e., Group A), assuming a
predetermined CFI value (i.e., 1, 2, 3, or 4).

One further exemplary option is to define different block
interleaving strategies for subframes belonging to Group A
and Group B:

Group A applies block interleaving according to legacy

UEs;

Group B may or may not apply block interleaving (e.g.,
this can be defined also as a configuration parameter for
an eNB).

An interleaving example is as follows. Assume that there
are three values in DL association set for Group B/subframe
n: [7, 8, 4]. Assume that two OFDMA symbols are used for
PDCCH (sl and s2). Block interleaving creates the follow-
ing ordering: [7,,, 8,;, 4.1, 755, 85, 4,,]. No block inter-
leaving creates the following ordering: [7,,, 7, 8,;, 825 4415
452]'

FIG. 5A illustrates two examples of how the two sets of
PUCCH resources can be configured. FIG. 5A considers the
same example as in FIG. 4A (i.e. SIB-1 configuration is
number 4, DI, HARQ reference configuration is number 5
and n=2). Both examples assume that block interleaving is
applied for Group A and Group B. A current legacy approach
is illustrated by PUCCH resources 510, a first exemplary
approach is illustrated by PUCCH resources 513, and a
second exemplary approach is illustrated by PUCCH
resources 514. The upper part 580 of FIG. 5A corresponds
to a situation where the PUCCH resources corresponding to
Group A and Group B downlink subframes do not overlap at
all. That is, the PUCCH resources 520-1 which are used for
both the legacy UEs and eIMTA UEs do not overlap the
PUCCH resources 530-1 which are used for the eIMTA UEs
only, since the resources 530-1 begin after the PUCCH
resources 520-1. This can be achieved, e.g., by defining that
the starting offset for Group B is calculated assuming CF1=3
for all the DL subframes in Group A.

FIG. 5B illustrates an example of mapping between
PDCCH resources and logical PUCCH resources, as pro-
posed by the upper part 580 of FIG. 5A. FIG. 5B is similar
to FIG. 4B. In the example of FIG. 5B, eIMTA PUCCH
resource 530-1 do not overlap with legacy PUCCH
resources 510 (and 520-1).

In the lower part 590 of FIG. 5A, some overlap between
the legacy PUCCH resources (Group A) 510 and the eIMTA
PUCCH resources (Group B) 520-1 is allowed. That is,
eIMTA Group B resources 530-2 may overlap with the
legacy Group A resources 510 that correspond to the 3rd
PDCCH OFDM symbol 410-3 for the resources 510 (or
what is shown as PUCCH resources corresponding to the 1st
PDCCH OFDM symbol 410-1 for the eIMTA Group B
resources 530-2). The starting point of the Group B
resources (via resources 530-2) overlaps the ending point of
the legacy resources (via resources 510). This option can be
beneficial in providing a trade-off between PUCCH over-
head and avoiding resource collisions. That is, there is a
trade-off between collision avoidance and overhead, i.e., if
collisions must always be avoided, there cannot be any
resource overlap between legacy and Group B resources, but
this increases overhead.
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In the following, examples are of possible anticipated
specification impact. These assume that block interleaving is
applied for both Group A and Group B.

Instead of a single downlink association set table (i.e.,
Table 10.1.3.1-1 in TS 36.213), two or three tables may be
defined. The downlink association set tables for different DL
subframes belonging to Group A and Group B, are presented
in Table 2 and Table 3, in FIGS. 6 and 7, respectively. Note
that some of the entries in Table 2 are in parentheses, such
as “(6)” in subframe 2 for UL-DL configuration given by
SIB-1 of 0 (zero) and a DL HARQ reference configuration
of 4. This represents a case when there exist subframe
indexes in the DL association set corresponding to SIB-1
UL-DL configuration, which are not present in the DL
association set corresponding to the DL reference UL-DL
configuration. In this case, an eIMTA UE 110-2 needs to
reserve the PUCCH resources for the subframe indicated in
the brackets (e.g., parentheses), but should not map any
HARQ-ACK onto those resources to avoid resource colli-
sions. More specifically, in order to avoid collisions with
legacy UEs, the table in FIG. 6 should have its entries in the
same order as the table in FIG. 2. There are some problem-
atic cases though, where for a PDCCH (and PDSCH)
transmitted in a given subframe, the HARQ delay is different
between the SIB-1 based legacy UL-DL configuration and
the DL reference configuration. The entry (6) is such a case.

In an exemplary embodiment, new bundling window
parameters M, and My are defined for Group A subframes
and other Group B subframes according to Tables 2 and 3,
respectively (from the sake of HARQ-ACK resource allo-
cation, it may be sufficient to define the new bundling
window parameter only for Group A). For the PUCCH
resource allocation use case, the bundling window param-
eters M, and My are simply the number of indices in each
entry of the table, including the bracketed ones (that is, the
entries in parentheses, such as “(6)”). For some other use
cases, e.g., for HARQ-ACK bit ordering on PUSCH/
PUCCH Format 3, the bundling window parameters M , and
M are the number of indices in each entry of the table,
excluding the bracketed ones. So for SIB-1 configuration 2
and DL-HARQ reference configuration 2 and subframe 2,
M_=4 and Mz=0. The PUCCH resource is derived from
Tables 2 and 3.

The HARQ-bit ordering follows the following principle in
an exemplary embodiment:

HARQ-ACK bits of Group A first, followed by

HARQ-ACK bits of Group B.

Table 4, shown in FIG. 8, is constructed based on Tables
2 and 3 and presents one way of specifying the HARQ-ACK
bit ordering. For instance, FIG. 8 shows an order of “6, 7, 8,
4” for subframe 2 of UL-DL configuration of 0 given by
SIB-1 and a DL HARQ reference configuration of 2. The “6”
in the order of “6, 7, 8, 4” is from FIG. 6 (Group A) and the
“7, 8, 4” in the order of “6, 7, 8, 4” is from FIG. 7 (Group
B). As another example, for subframe 3 and UL-DL con-
figuration given by SIB-1 of 1 and the DL. HARQ reference
configuration of 4, the order is “4, 7, 6, 5”. The “7, 6, 5 in
the order of “4, 7, 6, 5” is from FIG. 7 (Group B) and the “4”
in the order of “4, 7, 6, 5 is from FIG. 6 (Group A).

In addition to above tables, exemplary standards impacts
on section 10.1.3.1 in 3GPP TS 36.213 with the proposed
exemplary embodiments herein are shown below. It is noted
that “[3]” below refers to 3GPP TS 36.211 V12.0.0 (2013-
12). For ease of reference Table 4.2-2, entitled “Uplink-
downlink configurations”, from 3GPP TS 36.211 V12.0.0
(2013-12) is reproduced in FIG. 9. Reference may also be
made to pages 153 to 159 and section 10.1.3.1, “TDD
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HARQ-ACK procedure for one configured serving cell”, of
3GPP TS 36.213 V12.0.0 (2013-12).

For TDD HARQ-ACK bundling for one serving cell
configured with eIMTA, the UE shall use PUCCH resource
Do ? for transmission of HARQ-ACK in subframe n
for p mapped to antenna port p for PUCCH format 1a/1b,
where if there is PDSCH transmission indicated by the
detection of corresponding PDCCH/EPDCCH or there is
PDCCH/EPDCCH indicating downlink SPS release within
subframe(s) n-k, where keK and K (defined in Table 4) is a
set of M elements {kg, k;, . . . k;,;} depending on the
subframe n and the SIB-1 UL/DL configuration (defined in
Table 4.2-2 in [3]) and DL HARQ reference configuration,
and if PDCCH indicating PDSCH transmission or downlink
SPS release is detected in subframe n-k,,, where k,, is the
smallest value in set K such that UE detects a PDCCH/
EPDCCH indicating PDSCH transmission or downlink SPS
release within subframe(s) n-k and keK, the UE first selects
a c value out of {0, 1, 2, 3} which makes N_sn..,<N_,, and
shall  use  Nppeeg?=(Mp—m—-1)N_+mN_, +0,z+
N, puces for antenna port py, where Nopeen'” is
configured by higher layers, N_=max {0, [N, z~%- (N ~5-c—
4))/36]}, and npp is the number of the first CCE used for
transmission of the corresponding PDCCH in subframe
n-k,, and the corresponding m. When two antenna port
transmission is configured for PUCCH format la/lb, the
PUCCH resource for HARQ-ACK bundling for antenna port
p, is given by nppecy P'=(My—m-1)N+m N, +n¢cp+
1+N_psr4 prcce- If the downlink subframe with index k,, is
in Group A, the value of parameter m in formula is replaced
with new index defined in Table 2, M,=M, and
Ne,MTAipUCCH:NPUCCH(l); If the downlink subframe with
index k,, is in Group B, the value of parameter m in formula
is replaced with new index defined Table 3, M,=My and
NeIMTAJDUCCH:NPUCCH(1 )+NGroupB'NPUCCH(1) and N,
are configured by higher layers.

For TDD HARQ-ACK multiplexing and sub-frame n with
M>1 and one serving cell configured with eIMTA, where M
is the number of elements in the set K defined in Table 4,
denote nPUCCH’i(l) as the PUCCH resource derived from
sub-frame n-k; and HARQ-ACK(i) as the ACK/NACK/
DTX response from sub-frame n-k, where k,eK (defined in
Table 4) and O=i=M-1.

For a PDSCH transmission indicated by the detection of
corresponding PDCCH or a PDCCH indicating downlink
SPS release in sub-frame n-k, where k,eK, the PUCCH
resource nPUCCH’i(l):(MX—i—l)~Nc+i~NC+1+nCCE,Z.+
N.nvsza pucce Where ¢ is selected from {0, 1, 2, 3} such
that N.snccg,<N.,,, N.=max {0.[ [Nz (N5 c-4))/
36]}, neey,; is the number of the first CCE used for trans-
mission of the corresponding PDCCH in subframe n-k,. If
the downlink subframe with index k; is in Group A, the value
of i in parameter nPUCCH’i(l) is not changed, the value of
parameter i in other part of the formula is replaced with new
index defined in Table 2, M,=M, and
Nz roceaNpoces's if the downlink sub frame with
index k, is in Group B, the value of i in parameter nPUCCH’Z.(l)
is not changed, the value of parameter i in other part of the
formula is replaced with new index defined in Table 3,
M;=M; and NeIMTAfPUCCH:NPUCCH(l)+NGrousz and
Nppees™ and Ng,oups are configured by higher layers.

In the resource allocation formula defining the PUCCH
resource for HARQ-ACK, one further term representing the
starting point offset for Group B resources is added:

npyccr' ZO~(Mp=m=1yNAmN,, \+hccp+
i
NPUCCH( 4N, GroupB*
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The new offset term N 5z can be defined in various
ways:
The offset can be an integer variable configured via higher
layers;
The offset can be determined based on the bundling
window size M, of Group A, number of control chan-
nel elements per PDCCH OFDM symbol N, and an

assumption on the CFI for the Group A subframes, e.g.,

Group.

= * *
Nérowps=M4*N *Nepy,

where N.,=an integer variable representing the CFI the UE
assumes in calculating the starting offset of Group B sub-
frames, and is either predetermined {1, 2, 3, or 4}, or
signaled via higher layers (e.g., dedicated RRC signaling).

Alternatively, the UE may also determine N, based
on the actual CFI signaled via PCFICH and the number of
CCEs on each PDCCH OFDM symbol.

Turning to FIG. 10, this figure is a logic flow diagram
performed by an eNB for PUCCH resource allocation and
use. This figure also illustrates the operation of an exemplary
method, a result of execution of computer program instruc-
tions embodied on a computer readable memory, and/or
functions performed by logic implemented in hardware, in
accordance with an exemplary embodiment. The blocks in
the figure may be considered to be interconnected means for
performing the functions in the blocks. The blocks in FIG.
10 are performed by an eNB 175, e.g., under the control of
the HARQ-ACK RA 151.

In block 1010, the eNB 175 determines a first set of
physical uplink control channel resources to use for a first set
of UEs (e.g., legacy UEs) to send acknowledgment infor-
mation (e.g., HARQ ACK information) to the eNB. The first
set of physical uplink control channel resources starts at a
first index. In block 1020, the eNB 175 determines a second
set of physical uplink control channel resources to use for a
second set of UEs (e.g., eIMTA UEs) to send acknowledg-
ment information (e.g., HARQ ACK information) to the
eNB. The UEs in the first and second sets of UEs are
different. The second set of physical uplink control channel
resources starts at a second index that may be after (e.g., in
terms of logical indexing as illustrated by FIG. 5B, where a
value of the first index is less than a value of the second
index) the first index that starts the first set of physical uplink
control channel resources. The UEs in the first set of UEs
only use the first set of physical uplink control channel
resources to send the acknowledgment information to the
eNB for the first group of downlink subframes. Meanwhile,
the UEs in the second set of UEs can use the first set of
physical uplink control channel resources to send the
acknowledgment information to the eNB for the first group
of downlink subframes and can use the second set of
physical uplink control channel resources to send acknowl-
edgment information to the eNB for the second group of
downlink subframes. In block 1030, the eNB 175, for an UL
reception (that is, a reception of information by the eNB of
transmission(s) by UEs 110), receives acknowledgement
information from the first UEs using the first set of physical
uplink control channel resources and receives acknowledge-
ment information from the second UEs using the first and
second sets of physical uplink control channel resources.

In another exemplary embodiment, the eNB 175 can
determine a location (e.g., corresponding to one of a set of
indexes) of the second index and therefore the starting point
for the second set of PUCCH resources and signal an
indication of the location to the UEs in the second set of
UEs. More specifically, the eNB 175 may determine the
starting point for the eIMTA DL subframe resources based
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on a CFI (Carrier Format Indicator). The eNB 175 may
signal the CFI to eIMTA UEs via PCFICH.

In another exemplary embodiment, the eNB 175 can
determine a location of second index and therefore the
starting point for the second set of PUCCH resources and
signal an indication of the location to the UEs in the second
set of UEs. More specifically, the starting point for the
eIMTA DL subframe resources can be signaled by the eNB
175 via higher layers (e.g., dedicated or common RRC
signaling). The signaling can be absolute (i.e., an integer
number indicating the starting index (e.g., resource) for the
UEs in the second set of UEs). Alternatively, the signaling
may be relative to DL subframes assigned to UEs in the first
set of UEs (i.e. size of Group A) and/or the starting index of
the PUCCH set of resources for the UEs in the first set of
UEs. One example of such signaling is that the eNB con-
figures for the UEs a value to assume for CFI in determining
a size of the PUCCH resources, e.g., the first set of physical
uplink control channel resources, for the UEs in the first set
of UEs. The size may vary as a function of n (that is, the UL
subframe carrying PUCCH). It is noted that the starting
point of the legacy (e.g., non-eIMTA) DL subframe
resources (e.g., the first set of physical uplink control
channel resources) may be signaled by the eNB 175 via
higher layers (e.g., dedicated or common RRC signaling).

In a further exemplary embodiment, the starting point for
the eIMTA DL subframe resources (e.g., the second set of
physical uplink control channel resources) can be predeter-
mined, and directly follow the legacy DL subframe
resources (i.e., the first set of physical uplink control channel
resources), e.g., assuming a predetermined CFI value (i.e., 1,
2,3, or 4).

An additional exemplary embodiment has the eNB 175
defining different block interleaving strategies for the first
and second sets of UEs:

Block interleaving is applied according to legacy UEs,

e.g., the first set of UEs;

Block interleaving may or may not be applied to the UEs
in the second set (e.g., eIMTA UEs). This can be
defined also as a configuration parameter for an eNB.

In a further exemplary embodiment, the first and second
set of the physical uplink control channel resources may
overlap, that is, an end of the first set of physical uplink
control channel resources may occur in indexes after the
second index that starts the second set of physical uplink
control channel resources.

In an additional exemplary embodiment, a first table (e.g.,
FIG. 6) is defined for the UEs in the first set of UEs and a
second table (e.g., FIG. 7) is defined for the UEs in the
second set of UEs.

In a further exemplary embodiment, a principle is fol-
lowed that, for a single sub frame, HARQ-ACK bits of the
first set of UEs are first in the PUCCH resources, followed
by HARQ-ACK bits of the second set of UEs. The first and
second tables (e.g., FIGS. 6 and 7) may be used to define a
third table (e.g., FIG. 8) specifying the HARQ-ACK bit
ordering.

In a further exemplary embodiment, the first group of
downlink subframes includes (e.g., is limited to) subframes
defined as DL or special subframes by DL HARQ reference
configuration, and that are associated with the same UL
subframe (e.g., subframe n in FIG. 2 for instance) as the
SIB-1 configured DL or special subframes with the same
subframe offset (e.g., same value of n-k in FIG. 2 for
instance), and the second group of downlink subframes
includes (e.g., is limited to) other downlink, special or
flexible subframes according to DL. HARQ reference con-
figuration.
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An additional exemplary embodiment defines the size of
the first group (M), which may be defined based on the size
of association set of SIB-1 UL/DL configuration.

Furthermore, the starting position (e.g., index) of the
second group may be based on the size of the first group
(e.g., among other parameters).

Turning to FIG. 11, a logic flow diagram is shown that is
performed by an eIMTA UE for PUCCH resource allocation
and use. FIG. 11 illustrates the operation of an exemplary
method, a result of execution of computer program instruc-
tions embodied on a computer readable memory, and/or
functions performed by logic implemented in hardware, in
accordance with an exemplary embodiment. The blocks in
FIG. 11 may be considered to be interconnected means for
performing the functions in the blocks. FIG. 11 may be
assumed to be performed by an eIMTA UE 110-2, e.g., under
the control of HARQ-ACK RA (Resource Allocation) unit
121.

In block 1110, the UE 110-2 determines (e.g., receives
from the eNB) the configuration of PUCCH resources
belonging to two different sets of DL subframes:

One of the sets includes a first set of (e.g., legacy)

subframes (or Group A subframes); and

One of the sets includes a second set of (e.g., eIMTA,

Group B) sub frames.

In block 1120, the UE determines a starting point (e.g.,
index) of the second set of subframes (e.g., in addition a
starting point for the first set of subframes) within the
PUCCH resources. In block 1130, for a given DL subframe,
the UE 110-2 receives (from the eNB) PDCCH, which
schedules (for instance) PDSCH data and the UE performs
the following:

Determines to which of the sets of subframes the given

DL subframe belongs; and

For the given DL subframe, determines an index of a

lowest CCE of the scheduling PDCCH.

In block 1140, based on (at least) PUCCH resource
configuration, the CCE index, the (e.g., current) subframe
index (such as the index for Subframe n), which set of
subframes (e.g., Group A or B) is being considered, and the
starting point(s) of the first and second sets of PUCCH
resources, the UE 110-2 determines the PUCCH resource(s)
for acknowledgement (e.g., HARQ-ACK) transmission cor-
responding to the received PDSCH data. In block 1150, the
UE 110-2 transmits acknowledgement information on the
determined PUCCH resource(s).

It is noted that the UE 110-2 may transmit acknowledge-
ment information (as shown, e.g., in FIG. 5B) for both the
first set(s) (e.g., Group A) and second set(s) (Group B) of DL
subframes, e.g., using the first and second sets of PUCCH
resources and also the starting points for each.

In another exemplary embodiment, the UE 110-2 can
determine a location (e.g., corresponding to one of a set of
indexes) of the index and therefore the starting point for the
second set of PUCCH resources by receiving signaling from
the eNB of an indication of the location. More specifically,
the starting point for the e IMTA DL subframe resources may
be based on a CFI (Carrier Format Indicator) and the UE
may receive from the eNB signaling of the CFI via PCFICH.

As another example, the starting point for the eIMTA DL
subframe resources (e.g., the second set of physical uplink
control channel resources) can be received by the UE from
signaling by the eNB 175. The signaling can be absolute
(i.e., an integer number indicating the starting index (e.g.,
resource)). Alternatively, the signaling may be relative to DL,
subframes assigned to the first set of subframes (i.e. size of
Group A) and/or the starting index of the PUCCH set of
resources for the first set of subframes. One example of such
signaling is a value to assume for CFI in determining a size
of the PUCCH resources, e.g., a first set of physical uplink
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control channel resources. It is noted that the starting point
of the legacy (e.g., non-eIMTA) DL subframe resources
(e.g., the first set of physical uplink control channel
resources) may be received by the UE 110-2 through sig-
naling by the eNB 175 via, e.g., dedicated or common RRC
signaling.

In a further exemplary embodiment, the starting point for
the eIMTA DL sub frame resources (e.g., the second set of
physical uplink control channel resources) can be predeter-
mined, and directly follow the legacy DL subframe
resources (i.e., the first set of physical uplink control channel
resources), e.g., assuming a predetermined CFI value (i.e., 1,
2,3, or 4).

An additional exemplary embodiment has different block
interleaving strategies for the first and second sets of UEs:

Block interleaving is applied according to legacy UEs,
e.g., the first set of UEs;

Block interleaving may or may not be applied to the UEs
in the second set (e.g., eIMTA UEs). There are several
exemplary possibilities for this. First, the block inter-
leaving strategies may be fixed in a specification, i.e.,
either with block interleaving or without block inter-
leaving. Another exemplary possibility is for the block
interleaving strategy/strategies to be signaled by the
eNB to the UE, and then the UE could know whether
block interleaving is applied according the signaling
received from eNB.

In a further exemplary embodiment, the first and second
set of the physical uplink control channel resources may
overlap, that is, an end of the first set of physical uplink
control channel resources may occur in indexes after the
second index that starts the second set of physical uplink
control channel resources.

In an additional exemplary embodiment, a first table (e.g.,
FIG. 6) is defined for PUCCH resource allocation for the
first set of DL subframes and a second table (e.g., FIG. 7) is
defined for PUCCH resource allocation for the second set of
DL subframes.

In a further exemplary embodiment, a principle of
HARQ-ACK bits ordering is followed such that HARQ-
ACK bits with PUCCH resource allocation in the first set of
DL subframes are placed first, followed by HARQ-ACK bits
with PUCCH resource allocation in the second set of DL
subframes. The first and second tables (e.g., FIGS. 6 and 7)
may be used to define a third table (e.g., FIG. 8) specitying
the HARQ-ACK bit ordering. This embodiment can apply to
ACK/NACK feedback transmitted on PUCCH when con-
figured to PUCCH format 1b with channel selection and
ACK/NACK feedback transmitted on PUCCH/PUSCH
when configured to PUCCH format 3, based on configura-
tion by the eNB.

In a further exemplary embodiment, the two groups of
downlink subframes PUCCH resource allocation and
HARQ-ACK bits ordering for TDD eIMTA are not limited
to a single carrier case. Instead, these can apply to multiple
carrier scenarios, e.g., TDD eIMTA working with carrier
aggregation (CA), and also apply to other scenarios, e.g.,
TDD eITMA working with Coordinated Multi-Point
(CoMP) transmission and reception.

In a further exemplary embodiment, the first group of
downlink subframes includes (e.g., is limited to) subframes
defined as DL or special subframes by DL HARQ reference
configuration, and that are associated with the same UL
subframe (e.g., subframe n in FIG. 2 for instance) as the
SIB-1 configured DL or special subframes with the same
subframe offset (e.g., same value of n-k in FIG. 2 for
instance), and the second group of downlink subframes
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includes (e.g., is limited to) other downlink, special or
flexible subframes according to DL HARQ reference con-
figuration.

Exemplary and non-limiting advantages and technical
effects include but are not limited to the following:

1) The proposed implementations are fully backwards
compatible, which means that resource collisions with non-
eIMTA UEs can be avoided completely (e.g., without eNB
scheduler based solution/scheduling restrictions).

2) An exemplary advantage is that the proposed imple-
mentations minimize the PUCCH resource space and hence
the UL, overhead. The PUCCH resources do not need to be
dimensioned according to the maximum number of HARQ
ACK resources as the unoccupied resources will automati-
cally appear in the end of the PUCCH resources.

3) The smaller number of DL subframes in the selected
UL-DL configuration, the smaller number of resources
needed for PUCCH.

4) The unoccupied PUCCH resources can be used for
PUSCH.

5) The implementation can be handled easily via two or
three additional tables in the 3GPP TS 36.213 specification.

6) A solution for eIMTA PUCCH RA should be specified
in any case to avoid complex scheduler restrictions.

The following are additional examples. Example 1. A
method, comprising: determining by a base station a first set
of physical uplink control channel resources to use for a first
set of user equipment to send acknowledgment information
to the base station for a first group of downlink subframes,
wherein the first set of physical uplink control channel
resources starts at a first index; determining by the base
station a second set of physical uplink control channel
resources to use for a second set of user equipment to send
acknowledgment information to the base station for a second
group of downlink subframes, wherein the user equipment
in the first and second sets of user equipment are different,
the second set of physical uplink control channel resources
starts at a second index, the user equipment in the first set of
user equipment only use the first set of physical uplink
control channel resources to send the acknowledgment
information to the base station for the first group of down-
link subframes, and the user equipment in the second set of
user equipment use the first set of physical uplink control
channel resources to send the acknowledgment information
to the base station for the first group of downlink subframes
and use the second set of physical uplink control channel
resources to send acknowledgment information to the base
station for the second group of downlink subframes; and for
an uplink reception by the base station, receiving acknowl-
edgement information from the first user equipment using
the first set of physical uplink control channel resources and
receiving acknowledgement information from the second
user equipment using the first and second sets of physical
uplink control channel resources.

Example 2. The method of example 1, further comprising
the base station signaling an indication of a starting point for
the second set of physical uplink control channel resources
to the user equipment in the second set of user equipment.
Example 3. The method of example 2, wherein signaling
further comprises signaling by the base station by dedicated
or common radio resource control signaling. Example 4. The
method of example 3, wherein the signaling is absolute and
indicates an integer number indicating a starting index for
the user equipment in the second set of user equipment.
Example 5. The method of example 3, wherein the signaling
is relative and indicates an integer relative to a number of
downlink subframes assigned to the user equipment in the
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first set of user equipment or relative to a starting index of
the physical uplink control channel set of resources for the
user equipment in the first set of user equipment, or relative
to both the number of downlink subframes assigned to the
user equipment in the first set of user equipment and to the
starting index of the physical uplink control channel set of
resources for the user equipment in the first set of user
equipment.

Example 6. The method of any of the preceding examples,
wherein the first group of downlink subframes is limited to
legacy downlink subframes, and the second group of down-
link subframes is limited to non-legacy downlink subframes.
Example 7. The method of example 6, wherein the legacy
downlink subframes correspond to subframes defined as

5
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downlink or special subframes by downlink hybrid auto-
matic repeat request reference configuration and that are
associated with a same uplink subframe as a system infor-
mation block-1 configured downlink or special sub frames
with a same subframe offset, and the non-legacy downlink
subframes correspond to other downlink, special or flexible
subframes according to downlink hybrid automatic repeat
request reference configuration.

Example 8. The method of any of examples 6 or 7,
wherein the user equipment in the first set of user equipment
and the user equipment in the second set of user equipment
use the following table for the first group of downlink
subframes:

—12,7,11,13,8,4,9,5
13,12,8,11,4,9,5
13,12,9,11, 5
13,12,5,4,8,9
13,5,4,6,9

DL HARQ UL-DL
reference Configuration Subframe n
configuration given by SIB-1 0 1 2 3 4 5 6 7 8 9
2 0 S 6 — - - 6 S
1 S 7,6 — - - — 1,6 — —
2 S 8,7,4,6 - . 8,7,46 — —
3 invalid
4 invalid
5 invalid
6 S 7 — - - 7 S
4 0 S (6) — - - — S
1 S 7, (6) 4 - - — S
2 invalid
3 S 7, (6), 11 65 — — — — S
4 S 12,8, 7, 11 6,547 — — — — S
5 invalid
6 S 7 7 - - — S
5 0 S 6 — - - — S
1 S 7,6 — - - — S
2 S 8,7,4,6 — - - — S
3 S ,6, 11 — - - — S
4 S 12,8, 7, 11 — - - — S
5 . 13,12,9,8,7,5,4,11,6 — - - — S
6 S 7 — - - — S
and wherein the user equipment in the second set of user
equipment use the following table the second group of
downlink subframes:
DL HARQ UL-DL
reference Configuration Subframe n
configuration given by SIB-1 0 1 2 3 4 5 6 7 8 9
2 0 S 7,8, 4 - 7,84 —
1 S 8, 4 - - 84 -
2 _ _ - -
3 invalid
4 invalid
5 invalid
6 S 6,8, 4 - 684 —
4 0 S 12,7, 11, 8 7,6,5,4 — — —
1 S 12, 8, 11 7,65 @ — — — o
2 invalid
3 S 12,8 4.7 - - — -
4 _ _ _ - -
5 invalid
6 S 12,11, 8 46,5 — — — -
0
1
2
3
4
5
6

—13,12,11,6,8,4,9,5
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wherein DL is downlink, HARQ is hybrid automatic
repeat request, UL is uplink, SIB-1 is system information
block-1, Subframe n indicates a subframe used to transmit
the acknowledgement information, and each entry for the
Subframe n indicates downlink association set indexes in
terms of subframes relative to Subframe n for which
acknowledgement information may be reported.

Example 9. The method of any of examples 6 to 8, where
for a single uplink subframe, bits for the acknowledgement

22

subframes in the first set of downlink subframes; determin-
ing a starting point of a second set of physical uplink control
channel resources to be used for transmitting acknowledge-
ment information for downlink subframes in the second set
of downlink subframes; for a given downlink subframe,
receiving information on a physical downlink control chan-
nel, which schedules physical downlink shared channel data,
and performing the following: determining to which group
of the groups of subframes the given downlink subframe

information of the first set of user equipment are first in the 10 belongs, and for the given downlink subframe, determining
physical uplink control channel resources, followed by bits an index of a lowest control channel element of the sched-
for the acknowledgement information of the second set of uling physical downlink control channel; based on at least
user equipment. physical uplink control channel resource configuration, the

Example 10. The method of any of example 9, wherein index of the lowest control channel element, a current

the following table specifies bit ordering: subframe index, the determined group, and the determined
DL HARQ UL-DL

reference Configuration Subframe n

configuration given by SIB-1 0 1 2 3 4 5 6 7 8 9
2 0 — — 6,7, 8,4 — — — — 6,7,84 — —
1 — — 7,6,8 4 — — — — 7,6,84 — —
2 — — 8,7,4,6 — — — — 87,46 — —
3 invalid
4 invalid
5 invalid
6 — — 7,6,8 4 — — — — 7,6,84 — —
4 0 — — 12,7,11, 8 7,654 — — — — — —
1 — — 7,12, 8,11 47,65 — — — — — —
2 invalid
3 — — 7,11,12, 8 6,547 — — — — — —
4 — — 12, 8,7, 11 6,547 — — — — — —
5 invalid
6 — — 7,12,11, 8 7,465 — — — — — —
5 0 — — 6,12,7,11,13,8,4,9,5 — _ = — — — —
1 — — 7,6,13,12,8,11,4,9,5 — _ = — — — —
2 — — 87,4,6,13,12,9,11,5 — _ = — — — —
3 — — 7,6,11,13,12,5,4,8,9 — _ = — — — —
4 — — 12,8,7,11,13,5,4,6,9 — _ = — — — —
5 — — 13,12,9,8,7,5,4,11, 6 — _ = — — — —
6 — — 13,12,11,6,8,4,9,5 — _ = — — — —

wherein DL is downlink, HARQ is hybrid automatic starting points, determining one or more physical uplink
repeat request, UL is uplink, SIB-1 is system information control channel resources for acknowledgement transmis-
block-1, Subframe n indicates a subframe used to transmit 43 sion corresponding to the received physical downlink shared
the acknowledgement information, and each entry for the channel data; and transmitting, using one or both of the
Subframe n indicates downlink association set indexes in starting points for the first and second set of physical uplink
terms of subframes relative to Subframe n for which control channel resources, acknowledgement information on
acknowledgement information may be reported and defined the determined one or more physical uplink control channel
the bit ordering. Y resources.

Example 11. The method of any of the preceding Example 13. The method of example 12, further com-
examples, wherein the user equipment in the first set of user prising receiving from a base station signaling an indication
equipment are time division duplex user equipment not of' the starting point for the second set of the physical uplink
applying enhanced interference management and traffic ., control channel resources. Example 14. The method of
adaptation, and wherein the user equipment in the second set example 13, wherein receiving further comprises receiving
of user equipment are time division duplex user equipment the signaling by dedicated or common radio resource control
applying enhanced interference management and traffic signaling. Example 15. The method of example 14, wherein
adaptation. the signaling is absolute and indicates an integer number

Example 12. A method, comprising: determining configu- ¢o indicating a starting index.
ration of physical uplink control channel resources corre- Example 16. The method of any of examples 12 to 15,
sponding to two different groups of downlink subframes, wherein the first group of downlink subframes is limited to
wherein a first group includes a first set of downlink sub- legacy downlink subframes, and the second group of down-
frames and a second group includes a second set of downlink link subframes is limited to non-legacy downlink subframes.
subframes; determining a starting point of a first set of 65 Example 17. The method of example 16, wherein the legacy

physical uplink control channel resources to be used for
transmitting acknowledgement information for downlink

downlink subframes correspond to subframes defined as
downlink or special subframes by downlink hybrid auto-
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matic repeat request reference configuration and that are
associated with a same uplink subframe as a system infor-
mation block-1 configured downlink or special subframes
with a same subframe offset, and the non-legacy downlink
subframes correspond to other downlink, special or flexible
subframes according to downlink hybrid automatic repeat
request reference configuration.

Example 18. The method of any of examples 16 or 17,
performed by a user equipment, wherein the user equipment

24

wherein DL is downlink, HARQ is hybrid automatic
repeat request, UL is uplink, SIB-1 is system information
block-1, Subframe n indicates a subframe used to transmit
the acknowledgement information, and each entry for the
Subframe n indicates downlink association set indexes in
terms of subframes relative to Subframe n for which
acknowledgement information may be reported.

Example 19. The method of any of examples 16 to 18,
where for a single subframe, bits for the acknowledgement

uses the following table for downlink subframes in the first 10 information of the first set of user equipment are first in the
group: physical uplink control channel resources, followed by bits
DL HARQ UL-DL
reference Configuration Subframe n
configuration given by SIB-1 0 1 2 3 4 5 6 7 8 9
2 0 —_ — 6 — _ = — 6 —_ —
1 S 7,6 - - - - 76 — —
2 S 8,7,4,6 - . 8,7,46 — —
3 invalid
4 invalid
5 invalid
6 —_ — 7 — _ = — 7 —_ —
4 0 S (6) — - - = — S
1 S 7, (6) 4 - - = — S
2 invalid
3 S 7, (6), 11 65 — — — - S
4 S 12,87, 11 6,547 — — — - S
5 invalid
6 S 7 7 - - = — S
5 0 S 6 — - - = — S
1 S 7,6 — - - = — S
2 S 8,7,4,6 — - - = — S
3 S 7,6, 11 — - - = — S
4 S 12,8, 7, 11 — - - = — S
5 . 13,12,9,8,7,5,4,11,6 — - - = — S
6 S 7 — - - = — S
and wherein the user equipment uses the following table for the acknowledgement information of the second set of
for downlink subframes in the second group: user equipment.
DL HARQ UL-DL
reference Configuration Subframe n
configuration given by SIB-1 0 1 2 3 5 6 7 8 9
2 0 —_ — 7,8, 4 — —_ — — 7,84 — —
1 —_ — 8,4 — _ - — 8,4 —_ —
2 - _ _ - _ -
3 invalid
4 invalid
5 invalid
6 S 6,8, 4 - - 6,84 — —
4 0 S 12,7, 11, 8 7,6,5,4 — — — o
1 S 12, 8, 11 7,65 @ — — — o o
2 invalid
3 S 12,8 4.7 - - — -
4 - _ _ - _ -
5 invalid
6 S 12,11, 8 46,5 — — — -
5 0  12,7,11,13,8,4,9,5  — - - =
1 . 13,12,8,11,4,9,5 - - - =
2 S 13,12,9, 11, 5 - - - =
3 . 13,12,5,4,8,9 - - - =
4 S 13,5,4,6,9 - - - =
5 - J— J— - — J— -
6 . 13,12,11,6,8,4,9,5  — - - =
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Example 20. The method of example 19, wherein the
following table specifies bit ordering:

26

contain, store, communicate, propagate or transport the
instructions for use by or in connection with an instruction

DL HARQ UL-DL
reference Configuration Subframe n

configuration given by SIB-1 0 1 2 3 4 5 6 7 8 9
2 0 — — 6,7,8,4 — — — — 6,7,84 — —
1 — — 7,6,8,4 — - — — 7,6,8,4 — —
2 — — 8,7,4,6 — — — — 8,746 — —

3 invalid

4 invalid

5 invalid
6 — — 7,6,8,4 — - — — 7,6,8,4 — —
4 0 — — 12,7,11, 8 7,6,5,4 — — — — — —
1 — — 7,12, 8,11 4,7,6,5 — — — — — —

2 invalid
3 — — 7,11,12, 8 6,547 — — — — — —
4 — — 12,8,7,11 6,547 — — — — — —

5 invalid
6 — — 7,12,11, 8 7,4,6,5 — — — — — —
5 0 — — 6,12,7,11,13,8,4,9,5 — —_ = — — — —
1 — — 7,6,13,12,8,11,4,9,5 — —_ = — — — —
2 — — 8,7,4,6,13,12,9,11,5 —_ = — — — —
3 — — 7,6,11,13,12,5,4,8,9 — —_ = — — — —
4 — — 12,8,7,11,13,5,4,6,9 — —_ = — — — —
5 — — 13,12,9,8,7,5,4,11,6 — —_ = — — — —
6 — —  13,12,11,6,8,4,9,5 — —_ = — — — —

wherein DL is downlink, HARQ is hybrid automatic
repeat request, UL is uplink, SIB-1 is system information
block-1, Subframe n indicates a subframe used to transmit
the acknowledgement information, and each entry for the
Subframe n indicates downlink association set indexes in
terms of subframes relative to Subframe n for which
acknowledgement information may be reported and defined
the bit ordering.

Example 21. The method of any of examples 12 to 20,
performed by a user equipment, wherein the user equipment
is a time division duplex user equipment applying enhanced
interference management and traffic adaptation.

An apparatus comprising one or more processors and one
or more memories including computer program code. The
one or more memories and the computer program code are
configured to, with the one or more processors, cause the
apparatus to perform any of the examples 1-21.

An apparatus comprising one or more processors and one
or more memories including computer program code. The
one or more memories and the computer program code are
configured to, with the one or more processors, cause the
apparatus to perform any of the methods of examples 1-21.

An apparatus comprising means for performing any of the
methods of examples 1-21.

An additional exemplary embodiment includes a com-
puter program, comprising code for performing the methods
of any of the examples 1-21, when the computer program is
run on a processor. The computer program according to this
paragraph, wherein the computer program is a computer
program product comprising a computer-readable medium
bearing computer program code embodied therein for use
with a computer.

Embodiments herein may be implemented in software
(executed by one or more processors), hardware (e.g., an
application specific integrated circuit), or a combination of
software and hardware. In an example embodiment, the
software (e.g., application logic, an instruction set) is main-
tained on any one of various conventional computer-read-
able media. In the context of this document, a “computer-
readable medium” may be any media or means that can
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execution system, apparatus, or device, such as a computer,
with one example of a computer described and depicted,
e.g., in FIG. 1. A computer-readable medium may comprise
a computer-readable storage medium (e.g., memories 125,
155, 171 or other device) that does not encompass propa-
gating signals but may be any media or means that can
contain or store the instructions for use by or in connection
with an instruction execution system, apparatus, or device,
such as a computer.

If desired, the different functions discussed herein may be
performed in a different order and/or concurrently with each
other. Furthermore, if desired, one or more of the above-
described functions may be optional or may be combined.

Although various aspects are set out above and in the
claims, other aspects comprise other combinations of fea-
tures from the described embodiments and the claims, and
not solely the combinations described above or in the claims.

It is also noted herein that while the above describes
example embodiments of the invention, these descriptions
should not be viewed in a limiting sense. Rather, there are
several variations and modifications which may be made
without departing from the scope of the present invention as
defined by the claims.

The following abbreviations that may be found in the
specification and/or the drawing figures are defined as
follows:

3GPP third generation partnership project

ACK acknowledgement

A/N, ACK/NACK acknowledgement/negative acknowl-

edgement

ARO ACK/NACK Resource Offset

CCE Control Channel Element

CFI Carrier Format Indicator

CSI Channel State Information (includes CSI, PMI, RI,

and PTT)

D Downlink subframe

DL Downlink (from base station to UE)

DwPTS Downlink Pilot Time Slot

ECCE Enhanced CCE
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eIMTA Enhanced Interference Management and Traffic
Adaptation
eNB Enhanced Node B (LTE base station)
EPDCCH Enhanced Physical Downlink Control Channel
F Flexible subframe
HARQ Hybrid Automatic Repeat reQuest
LTE Long Term Evolution
MME Mobility Management Entity
ms milliseconds
NACK Negative ACK
OFDM Orthogonal Frequency Division Multiplex
PCell Primary Cell
PCFICH Physical Control Format Indicator Channel
PDCCH Physical Downlink Control Channel
PDSCH Physical Downlink Control Channel
PHICH Physical HARQ Indicator Channel
PUCCH Physical Uplink Control Channel
PUSCH Physical Uplink Shared Channel
RA Resource Allocation
RAN Radio Access Network
RB Resource Block
Rel Release
RRC Radio Resource Control
S Special subframe
SCell Secondary Cell
SC-FDMA Single-Carrier Frequency Division Multiple
Access
SF Subframe
SIB System Information Block
SGW Serving GateWay
SPS Semi-Persistent Scheduling
SRI Scheduling Request Indicator
TD-LTE Time-Division-Long Term Evolution
TDD Time Division Duplexing
U Uplink subframe
UE User Equipment
UL Uplink (from UE to base station)
WI Work Item
WG Working Group
What is claimed is:
1. A method, comprising:

determining by a base station a first set of physical uplink
control channel resources to use for a first set of user

equipment to send acknowledgment information to the
base station for a first group of downlink subframes,
wherein the first set of physical uplink control channel
resources starts at a first index;

determining by the base station a second set of physical
uplink control channel resources to use for a second set
of user equipment to send acknowledgment informa-

tion to the base station for a second group of downlink
subframes, wherein the user equipment in the first and
second sets of user equipment are different, the second

set of physical uplink control channel resources starts at

a second index, the user equipment in the first set of
user equipment only use the first set of physical uplink

control channel resources to send the acknowledgment
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information to the base station for the first group of
downlink subframes, and the user equipment in the
second set of user equipment use the first set of physical
uplink control channel resources to send the acknowl-
edgment information to the base station for the first
group of downlink subframes and use the second set of
physical uplink control channel resources to send
acknowledgment information to the base station for the
second group of downlink subframes; and

for an uplink reception by the base station, receiving

acknowledgement information from the first user
equipment using the first set of physical uplink control
channel resources and receiving acknowledgement
information from the second user equipment using the
first and second sets of physical uplink control channel
resources,

wherein the first group of downlink subframes is limited

to legacy downlink subframes, and the second group of

downlink subframes is limited to non-legacy downlink

subframes, and wherein:

the legacy downlink subframes correspond to those
subframes that are defined as downlink or special
subframes by downlink hybrid automatic repeat
request reference configuration and that are associ-
ated with a same uplink subframe and a same sub-
frame offset as a system information block-1 con-
figured downlink or special subframes; and

the non-legacy downlink subframes correspond to
other downlink, special or flexible subframes accord-
ing to downlink hybrid automatic repeat request
reference configuration than the legacy downlink
subframes.

2. The method of claim 1, further comprising the base
station signaling an indication of a starting point for the
second set of physical uplink control channel resources to
the user equipment in the second set of user equipment.

3. The method of claim 2, wherein signaling further
comprises signaling by the base station by dedicated or
common radio resource control signaling.

4. The method of claim 3, wherein the signaling is
absolute and indicates an integer number indicating a start-
ing index for the user equipment in the second set of user
equipment.

5. The method of claim 3, wherein the signaling is relative
and indicates an integer relative to a number of downlink
subframes assigned to the user equipment in the first set of
user equipment or relative to a starting index of the physical
uplink control channel set of resources for the user equip-
ment in the first set of user equipment, or relative to both the
number of downlink subframes assigned to the user equip-
ment in the first set of user equipment and to the starting
index of the physical uplink control channel set of resources
for the user equipment in the first set of user equipment.

6. The method of claim 1, wherein the user equipment in
the first set of user equipment and the user equipment in the
second set of user equipment use the following table for the
first group of downlink subframes:

DL HARQ UL-DL
reference Configuration Subframe n
configuration given by SIB-1 0 1 2 3 4 5 6 7 8 9
2 0 — — 6 — —_ = — 6 — —
1 — — 7,6 — —_ — — 1,6 — —
2 — — 8,7,4,6 — — — — 87,46 — —
3 invalid
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-continued

DL HARQ UL-DL

reference Configuration Subframe n

configuration given by SIB-1 0 1 2 3 4 5 6 7 8 9
4 invalid
5 invalid
6 —_ — 7 — _ - — 7 —_ —

4 0 S (6) - - - -
1 S 7, (6) 4 - - - -
2 invalid
3 S 7, (6), 11 65 — — —  —
4 S 12, 8,7, 11 6,547 — — — — o
5 invalid
6 S 7 /2
5 0 S 6 - - - -

1 S 7,6 - - - -
2 S 8,7,4,6 - - - -
3 S 7,6, 11 - - - -
4 S 12, 8,7, 11 - - - -
5 . 13,12,9,8,7,5,4,11,6 — — — — .
6 S 7 - - - -

and wherein the user equipment in the second set of user
equipment use the following table the second group of
downlink subframes:

DL HARQ UL-DL
reference Configuration Subframe n

configuration given by SIB-1 0 1 2 3 4 5 6 7 8 9
2 0 — — 7,84 — — — — 7,84 — —
1 — — 8, 4 — — — — 84 — —
2 I _ _ - _ I

3 invalid

4 invalid

5 invalid
6 — — 6,8,4 — — — — 6,84 — —
4 0 — — 12,7,11, 8 7,654 — — —  —  — —
1 — — 12,8, 11 7,65 — — — o

2 invalid
3 — — 12, 8 47 - = = = = —
4 I _ _ - _ I

5 invalid
6 — — 12,11, 8 465 — — — —  — —
5 0 — — 12,7,11,13,8,4,9,5  — - - - -
1 — — 13,12,8,11,4,9,5 — _— = = = —
2 — — 13,12,9,11,5 — _— = = = —
3 — —  13,12,5,4,8,9 — _— = = = —
4 — — 13,5,4,6,9 — _— = = = —
5 I _ _ - _ I
6 — — 13,12,11,6,8,4,9,5  — _— = = = —

. . . . . . 50 . . .
wherein DL is downlink, HARQ is hybrid automatic repeat 7. The method of claim 1, where for a single uplink
request, UL is uplink, SIB-1 is system information block-1, subframe, bits for the acknowledgement information of the
Subframe n indicates a subframe used to transmit the first set of user equipment are first in the physical uplink
acknowledgement information, and each entry for the Sub- control channel resources, followed by bits for the acknowl-
frame n indicates downlink association set indexes in terms 55 edgement information of the second set of user equipment.
of subframes relative to Subframe n for which acknowl- 8. The method of any of claim 7, wherein the following
edgement information may be reported. table specifies bit ordering:

DL HARQ UL-DL
reference Configuration Subframe n
configuration given by SIB-1 0 1 2 3 4 5 6 7 8 9
2 - — — = — — 67,84 — —

\
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0 =
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invalid
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-continued
DL HARQ UL-DL
reference Configuration Subframe n
configuration given by SIB-1 0 1 2 3 4 5 6 7 8 9
invalid
invalid
S 7,6,8, 4 - 7,684 — —
4 S 12,7, 11, 8 7,6,5,4 — — — — S
S 7,12, 8, 11 4,7,6,5 — — — - S
invalid
S 7,11, 12, 8 6,547 — — — - S
S 12,8,7, 11 6,547 — — — - S
invalid
S 7,12, 11, 8 - - - S

6,12,7,11, 13, 8,4,9, 5
7,6,13,12,8,11,4,9,5
8,7,4,6,13,12,9,11,5
7,6,11,13,12,5,4,8,9
12,8,7, 11, 13,5,4, 6,9
13,12,9,8,7,5,4,11, 6
13,12,11,6,8,4,9, 5

R W= O R W= O A

7,4,6,5

wherein DL is downlink, HARQ is hybrid automatic repeat
request, UL is uplink, SIB-1 is system information block-1,
Subframe n indicates a subframe used to transmit the
acknowledgement information, and each entry for the Sub-
frame n indicates downlink association set indexes in terms
of subframes relative to Subframe n for which acknowl-
edgement information may be reported and defined the bit
ordering.
9. The method of claim 1, wherein the user equipment in
the first set of user equipment are time division duplex user
equipment not applying enhanced interference management
and traffic adaptation, and wherein the user equipment in the
second set of user equipment are time division duplex user
equipment applying enhanced interference management and
traffic adaptation.
10. A method, comprising:
determining configuration of physical uplink control
channel resources corresponding to two different
groups of downlink subframes, wherein a first group
includes a first set of downlink subframes and a second
group includes a second set of downlink subframes;

determining a starting point of a first set of physical uplink
control channel resources to be used for transmitting
acknowledgement information for downlink subframes
in the first set of downlink subframes;
determining a starting point of a second set of physical
uplink control channel resources to be used for trans-
mitting acknowledgement information for downlink
subframes in the second set of downlink subframes;

for a given downlink subframe, receiving information on
a physical downlink control channel, which schedules
physical downlink shared channel data, and performing
the following:

determining to which group of the groups of subframes

the given downlink subframe belongs, and for the given
downlink subframe, determining an index of a lowest
control channel element of the scheduling physical
downlink control channel;

based on at least physical uplink control channel resource

configuration, the index of the lowest control channel
element, a current subframe index, the determined
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group, and the determined starting points, determining
one or more physical uplink control channel resources
for acknowledgement transmission corresponding to
the received physical downlink shared channel data;
and

transmitting, using one or both of the starting points for
the first and second set of physical uplink control
channel resources, acknowledgement information on
the determined one or more physical uplink control
channel resources,

wherein the first group of downlink subframes is limited
to legacy downlink subframes, and the second group of
downlink subframes is limited to non-legacy downlink
subframes, and wherein:

the legacy downlink subframes correspond to those
subframes that are defined as downlink or special
subframes by downlink hybrid automatic repeat
request reference configuration and that are associ-
ated with a same uplink subframe and a same sub-
frame offset as a system information block-1 con-
figured downlink or special subframes; and

the non-legacy downlink subframes correspond to
other downlink, special or flexible subframes accord-
ing to downlink hybrid automatic repeat request
reference configuration than the legacy downlink
subframes.

11. The method of claim 10, further comprising receiving
from a base station signaling an indication of the starting
point for the second set of the physical uplink control
channel resources.

12. The method of claim 11, wherein receiving further
comprises receiving the signaling by dedicated or common
radio resource control signaling.

13. The method of claim 12, wherein the signaling is
absolute and indicates an integer number indicating a start-
ing index.

14. The method of claim 10, performed by a user equip-
ment, wherein the user equipment uses the following table
for downlink subframes in the first group:
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DL HARQ UL-DL
reference Configuration Subframe n
configuration given by SIB-1 0 1 2 3 4 5 6 7 8 9
2 0 — — 6 — —_ = — 6 — —
1 — — 7,6 — —_ = — 7,6 — —
2 — — 8,7,4,6 — — — — 8,746 — —
3 invalid
4 invalid
5 invalid
6 — — 7 — —_ = — 7 — —
4 0 — — 6) — —_ = — — — —
1 — — 7, (6) 4 —_ = — — — —
2 invalid
3 — — 7, (6), 11 6,5 —_ = — — — —
4 — — 12,8,7,11 6,547 — — — — — —
5 invalid
6 — — 7 7 —_ = — — — —
5 0 — — 6 — —_ = — — — —
1 — — 7,6 — —_ = — — — —
2 — — 8,7,4,6 — —_ = — — — —
3 — — , 6,11 — —_ = — — — —
4 — — 12,8,7,11 — —_ = — — — —
5 — — 13,12,9,8,7,5,4,11,6 — —_ = — — — —
6 — — 7 — —_ = — — — —

and wherein the user equipment uses the following table for 25  15. The method of claim 10, where for a single subframe,
downlink subframes in the second group: bits for the acknowledgement information of the first group
DL HARQ UL-DL
reference Configuration Subframe n
configuration given by SIB-1 0 1 2 3 5 6 7 8 9
2 0 — — 7,84 — — — — 7,84 — —
1 — — 8, 4 — — — — 84 — —
2 - J— J— - — J— -
3 invalid
4 invalid
5 invalid
6 — — 6,8,4 — — — — 6,84 — —
4 0 — — 12,7,11, 8 7,654 — — —  —  — —
1 — — 12,8, 11 7,65 — — — — — —
2 invalid
3 — — 12, 8 47 - = = = = —
4 - _ _ - _ -
5 invalid
6 — — 12,11, 8 465 — — — —  — —
5 0 — — 12,7,11,13,8,4,9,5  — _— = = = —
1 — — 13,12,8,11,4,9,5 — _— = = = —
2 — — 13,12,9,11,5 — _— = = = —
3 — —  13,12,5,4,8,9 — _— = = = —
4 — — 13,5,4,6,9 — _— = = = —
5 - J— J— - — J— -
6 — — 13,12,11,6,8,4,9,5  — _— = = = —

wherein DL is downlink, HARQ is hybrid automatic repeat
request, UL is uplink, SIB-1 is system information block-1,
Subframe n indicates a subframe used to transmit the
acknowledgement information, and each entry for the Sub-
frame n indicates downlink association set indexes in terms
of subframes relative to Subframe n for which acknowl-
edgement information may be reported.

55

of downlink subframes are first in the physical uplink
control channel resources, followed by bits for the acknowl-
edgement information of the second group of downlink
subframes.

16. The method of claim 15, wherein the following table
specifies bit ordering:

DL HARQ UL-DL
reference Configuration Subframe n
configuration given by SIB-1 0 1 2 3 4 5 6 7 8 9

2 0 —
1 _
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-continued
DL HARQ UL-DL
reference Configuration Subframe n
configuration given by SIB-1 0 1 2 3 4 5 6 7 8 9
2 — — 8,7,4,6 — — — — 87,46 — —
3 invalid
4 invalid
5 invalid
6 — — 7,6,8 4 — — — — 7,6,84 — —
4 0 - 12,7,11, 8 7,6,54 — — _ .
1 — — 7,12, 8,11 4,7,6,5 — — — — — —
2 invalid
3 — — 7,11, 12,8 6,547 — — — _ .
4 — — 12, 8,7, 11 6,547 — — — — — —
5 invalid
6 — — 7,12,11,8 7,4,6,5 — — — _ .
5 0 — — 6,12,7,11,13,8,4,9,5 — _ = — — — —
1 — — 7,6,13,12,8,11,4,9,5 — - - — _ _
2 — — 87,4,6,13,12,9,11,5 _ = — — — —
3 — — 7,6,11,13,12,5,4,8,9 — _ = — — — —
4 — — 12,8,7,11,13,5,4,6,9 — _ = — — — —
5 — — 13,12,9,8,7,5,4,11, 6 — - _ -
6 — — 13,12,11,6,8,4,9,5 — _ = — — — —
wherein DL is downlink, HARQ is hybrid automatic repeat 25 edgment information to the apparatus for the second
request, UL is uplink, SIB-1 is system information block-1, group of downlink subframes; and
Subframe n indicates a subframe used to transmit the for an uplink reception by the apparatus, receiving
acknowledgement information, and each entry for the Sub- acknowledgement information from the first user
frame n indicates downlink association set indexes in terms equipment using the first set of physical uplink
of subframes relative to Subframe n for which acknowl- 5 control channel resources and receiving acknowl-
edgement information may be reported and defined the bit edgement information from the second user equip-
ordering. ment using the first and second sets of physical
17. The method of claim 10, performed by a user equip- uplink control channel resources,
ment, wherein the user equipment is a time division duplex wherein the first group of downlink subframes is lim-
user equipment applying enhanced interference manage- 35 ited to legacy downlink subframes, and the second
ment and traffic adaptation. group of downlink subframes is limited to non-
18. An apparatus, comprising: legacy downlink subframes, and wherein:
one or more processors and one or more memories the legacy downlink subframes correspond to those
including computer program code, wherein the one or subframes that are defined as downlink or special
more memories and the computer program code are *° subframes by downlink hybrid automatic repeat
configured to, with the one or more processors, cause request reference configuration and that are asso-
the apparatus to perform at least the following: ciated with a same uplink subframe and a same
determining a first set of physical uplink control chan- subframe offset as a system information block-1
nel resources to use for a first set of user equipment configured downlink or special subframes; and
. . 45 .
to send acknowledgment information to the appara- the non-legacy downlink subframes correspond to
tus for a first group of downlink subframes, wherein other downlink, special or flexible subframes
the first set of physical uplink control channel according to downlink hybrid automatic repeat
resources starts at a first index; request reference configuration than the legacy
determining a second set of physical uplink control s downlink subframes.
channel resources to use for a second set of user 19. An apparatus, comprising:
equipment to send acknowledgment information to one or more processors and one or more memories
the apparatus for a second group of downlink sub- including computer program code, wherein the one or
frames, wherein the user equipment in the first and more memories and the computer program code are
second sets of user equipment are different, the 55 configured to, with the one or more processors, cause
second set of physical uplink control channel the apparatus to perform at least the following:
resources starts at a second index, the user equip- determining configuration of physical uplink control
ment in the first set of user equipment only use the channel resources corresponding to two different
first set of physical uplink control channel resources groups of downlink subframes, wherein a first group
to send the acknowledgment information to the appa- 60 includes a first set of downlink subframes and a
ratus for the first group of downlink subframes, and second group includes a second set of downlink
the user equipment in the second set of user equip- subframes;
ment use the first set of physical uplink control determining a starting point of a first set of physical
channel resources to send the acknowledgment infor- uplink control channel resources to be used for
mation to the apparatus for the first group of down- 65 transmitting acknowledgement information for
link subframes and use the second set of physical downlink subframes in the first set of downlink
uplink control channel resources to send acknowl- subframes;
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determining a starting point of a second set of physical
uplink control channel resources to be used for
transmitting acknowledgement information for
downlink subframes in the second set of downlink
subframes, wherein the first group of downlink sub-
frames is limited to legacy downlink subframes, and
the second group of downlink subframes is limited to
non-legacy downlink subframes;

for a given downlink subframe, receiving information
on a physical downlink control channel, which
schedules physical downlink shared channel data,
and performing the following: determining to which
group of the groups of subframes the given downlink
subframe belongs, and for the given downlink sub-
frame, determining an index of a lowest control
channel element of the scheduling physical downlink
control channel;

based on at least physical uplink control channel
resource configuration, the index of the lowest con-
trol channel element, a current subframe index, the
determined group, and the determined starting
points, determining one or more physical uplink
control channel resources for acknowledgement
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transmission corresponding to the received physical
downlink shared channel data; and
transmitting, using one or both of the starting points for

the first and second set of physical uplink control

channel resources, acknowledgement information on

the determined one or more physical uplink control

channel resources

wherein the first group of downlink subframes is lim-

ited to legacy downlink subframes, and the second

group of downlink subframes is limited to non-

legacy downlink subframes, and wherein:

the legacy downlink subframes correspond to those
subframes that are defined as downlink or special
subframes by downlink hybrid automatic repeat
request reference configuration and that are asso-
ciated with a same uplink subframe and a same
subframe offset as a system information block-1
configured downlink or special subframes; and

the non-legacy downlink subframes correspond to
other downlink, special or flexible subframes
according to downlink hybrid automatic repeat
request reference configuration than the legacy
downlink subframes.

#* #* #* #* #*



